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P h o t o d y n a m i c  A c t i o n  of  P o r p h y r i n s  o n  A m i n o  A c i d s  a n d  P r o t e i n s .  
H e m a t o p o r p h y r i n - S e n s i t i z e d  P h o t o o x i d a t i o n  of  L y s o z y m e  

Hematoporphyr in - sens i t i zed  pho toox ida t ion  of lyso- 
zyme in aqueous  solut ion ~ causes the  select ive modif ica-  
t ion of Met-12; the  o ther  Met  residue, i.e. Met-105, 
canno t  be pho tooxid ized  unless t he  prote in  molecule  has  
been unfolded pr ior  to  i r radia t ion  ~, 8. This  suggested that ,  
in na t ive  lysozyme,  Met-12 is more accessible to  the  
photooxid iz ing  agent  t h a n  Met-105. However ,  the  X- ray  
s t ruc tu re  of  lysozyme* shows t h a t  bo th  Met  residues are  
bur ied  in t he  in terna l  hydrophob ic  core. 

The  possibi l i ty  remains  t h a t  the  preferent ia l  photo-  
ox id izab i l i ty  of meth ionine-12  is due  to  the  in te rven t ion  
of  pa r t i cu la r  mechanis t ic  features  in t he  photoprocess  
invo lv ing  this  amino  acid residue. Therefore,  i t  appeared  
wor thwhi le  to  inves t iga te  fur ther  t he  p a t h w a y  of the  
aforesaid photosens i t ized  react ion,  in order  to  explore  
i ts  po ten t ia l  ex tens ion  to  o ther  proteins.  

Mater ia l s  and  methods. I r rad ia t ions  were per formed by  
a 450-wat t  Xenon  lamp s. Nar row l ight  bands  were iso- 
la ted  by  means  of Balzers  in terference filters. I n  a 
typ ica l  exper iment ,  8 ml  of a 10 ~tM lysozyme  solut ion 0.~ 
in dist i l led wate r  (pH 5.9) or  in 30% acet ic  acid, added 
wi th  a 3 : 1 mola r  excess of hematoporphyr in ,  were p laced 0.8 
in a P y r e x  cuve t t e  of 2 cm l ight  path .  The  solut ions were 
ma in t a ined  a t  20 :t: 1 °C and  f lushed w i t h  pur i f ied oxygen.  0.7 
A t  the  end, the  sensi t izer  was r emoved  by  gel f i l t ra t ion  
of the  i r rad ia ted  mix tu r e  on Sephadex  G-25, using 0.1 M 0~ 
acet ic  acid as t he  eluent.  The  procedures  for  pe r fo rming  . ~  
t he  amino  acid analyses  and the  co lumn  c h r o m a t o g r a p h y  = 05 
of na t ive  and i r rad ia ted  samples  of lysozyme as well  as ~- 0.~ 
for measur ing  the  enzymic  ac t iv i ty ,  have  been descr ibed .~_ 
elsewhere~,~, s. Mixing  expe r imen t s  to  de t e rmine  the  
s to ich iomet ry  of complex ing  be tween  lysozyme  and 0"~ 
h e m a t o p o r p h y r i n  were  per fo rmed  by  the  cont inuous  
var ia t ions  method ,  as described by  STEVENS and FELSEN- 0.2 
FIgLD ?, i.e. m ix tu re s  were  m a d e  up to  con ta in  var ious  

0.! p ropor t ions  of t he  2 components ,  t he  overa l l  mo la r  con- 
cen t ra t ion  be ing  constant .  

Resul ts  and  discussion.  At  first, we inves t iga ted  whe the r  
an  in te rac t ion  of some sor t  t ook  place be tween  lysozyme 
and the  ground s ta te  of hematoporphyr in .  Such a process 
would  p re sumab ly  a l ter  the  absorp t ion  spec t rum of t he  
dye  s. Actual ly ,  add i t ion  of lysozyme to  a 5 ~tM aqueous  
solut ion of  h e m a t o p o r p h y r i n  caused a ba thochromic  shif t  
of the  absorp t ion  m a x i m u m  of the  Soret  band  and a 
not iceable  hypochromic  effect  (Figure 1). The  absorbance  
of t he  solut ions was independen t  of t i m e  af ter  mixing,  so 
t h a t  t he  in te rac t ion  appeared  to  be  rapid.  0.5 

I n  order  to  get  some in fo rmat ion  abou t  the  stoichio- 
m e t r y  of the  dye-pro te in  complex,  the  cont inuous  var ia-  
t ions  m e t h o d  was used, by  reading the  opt ica l  densi t ies  0.~ 
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III .  F u r t h e r  S t u d i e s  o n  t h e  

of t he  solut ions a t  440 nm, where  only  the  complex  
s ignif icant ly  cont r ibutes  to absorpt ion.  The  expe r imen ta l  
plot  (Figure 2) displayed a single d i scont inu i ty  a t  abou t  
65% hema toporphyr in ,  demons t r a t i ng  the  exis tence  of 
a 2:1 complex  be tween  hema topo rphy r in  and lysozyme.  

On the  o ther  hand,  no change in t he  absorp t ion  spec- 
t r u m  of aqueous  solutions of h e m a t o p o r p h y r i n  were 
de tec ted  on the  add i t ion  of  var ious  a m o u n t s  of t he  single 
amino  acids which are  c o m m o n l y  present  in pro te in  
molecules.  Analogously,  no in terac t ions  be tween  lyso- 
zyme  and h e m a t o p o r p h y r i n  appeared  to  occur  in 30% 
acet ic  acid  solution,  i.e. in a m e d i u m  where  t he  lysozyme 
molecule  is largely  disorganized 3. Therefore,  the  hemato -  
porphyr in - lysozyme in te rac t ion  is typ ica l  ot the  na t ive  
protein,  such as to  a l low the  b inding  of the  dye  wi th  
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Fig. 1. Absorption spectrum in the Soret region of 5 ~ M  hemato- 
porphyrin (----) and of 5 ~M hematoporphyrin plus 5 [xM lysozyme 
( - - - )  in aqueous solution, pH 5.9. 
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Fig. 2. Mixing curve for hematoporpbyrin and lysozyme. The 
experiments were carried out at room temperature in distilled water, 
pH 5.9. The closed symbols represent the absorbance at 440 nm. 
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d e t e r m i n e d  a reas  of t h e  l y sozyme  t h r e e - d i m e n s i o n a l  
ne twork .  

I n  o rder  to  e luc ida te  t h e  role p e r f o r m e d  b y  t he  afore-  
sa id  g r o u n d  s t a t e  complex ,  we ca r r i ed  o u t  some i r rad ia -  
t i on  e x p e r i m e n t s  a t  367 rim, whe re  on ly  u n c o m p l e x e d  
h e m a t o p o r p h y r i n  is i n v o l v e d  in t h e  l i gh t  a b s o r p t i o n  
process ,  a n d  a t  435 nm ,  whe re  t h e  i n c i d e n t  l i g h t  is p re -  
d o m i n a n t l y  a b s o r b e d  b y  t h e  complex .  T he  a m i n o  acid 
ana lyses  of l y sozyme  a f t e r  30 m i n  i r r a d i a t i o n  in aqueous  
so lu t ion  a re  r e p o r t e d  in t h e  Table .  A p p a r e n t l y ,  t h e  
367 n m  l igh t  b r o u g h t  a b o u t  no  c h a n g e  in  t h e  a m i n o  
acid compos i t i on  of t he  p r o t e i n ;  moreover ,  t he  i so la ted  
p r o d u c t  possessed enzym i c  ac t iv i ty ,  U V - a b s o r p t i o n  spec- 
t r u m ,  a n d  c h r o m a t o g r a p h i c  b e h a v i o u r  on  A m b e r l i t e  
CG-50 co inc iden t  w i t h  those  of u n i r r a d i a t e d  lysozyme.  
On  t he  o t h e r  h a n d ,  w h e n  t he  435 n m  l i gh t  was  used, 
one  Met  res idue  was  c o n v e r t e d  to  t h e  su l fox ide :  t h e  
e n z y m i c  a c t i v i t y  (52%),  as wel l  as t he  spec t r a l  a n d  
c h r o m a t o g r a p h i c  p a r a m e t e r s ,  m e a s u r e d  for  t h i s  s a m p l e  
were iden t i ca l  w i t h  t hose  p r e v i o u s l y  d e t e r m i n e d  for  
Met-  12 su l foxide- lysozyme,  p r e p a r e d  b y  i r r a d i a t i o n  of t h e  
h e m a t o p o r p h y r i n - l y s o z y m e  s y s t e m  w i t h  wh i t e  l igh t  1-3. 

Now, w h e n  free Met  or  t h e  d i p e p t i d e  Z-Met -Asp  were  
exposed  to  367 n m  l igh t  in  t he  p resence  of h e m a t o p o r -  
phyr in ,  a f a s t  and  q u a n t i t a t i v e  conve r s ion  of t he  th io-  
e t h e r  f unc t i on  to  t h e  su l foxide  was ach ieved .  F u r t h e r -  
more ,  on  i l l u m i n a t i o n  of l y sozyme  p lus  h e m a t o p o r p h y r i n  
a t  367 n m  in  30% ace t ic  acid solut ion,  b o t h  t h e  Met  
res idues  were  pho toox id i zed .  I t  is a p p a r e n t  t h a t  t h e  
367 n m  l igh t  c an  p r o m o t e  t h e  t r a n s i t i o n  of free h e m a t o -  
p o r p h y r i n  to  t he  exc i t ed  s t a t e  w h i c h  is r espons ib le  for 
p h o t o a c t i v a t i n g  mo lecu l a r  o x y g e n  to  a t t a c k  t h e  m e t h i o -  

n ine  sulfur .  Therefore ,  t h e  lack  of p h o t o o x i d a t i o n  of 
Met-12 b y  free h e m a t o p o r p h y r i n ,  w h e n  l y s o z y m e  r e t a i n s  
i ts  n a t i v e  con fo rma t ion ,  is to  be  asc r ibed  to  t h e  b u r i a l  
of t h i s  res idue  ins ide  t h e  p r o t e i n  molecule  w h i c h  p r e v e n t s  
d i r ec t  i n t e r a c t i o n  b e t w e e n  t h e  Met  side cha in  a n d  t h e  
dye  d i sso lved  in t h e  aqueous  so lvent .  On  t h e  o t h e r  h a n d ,  
t h e  f ac t  t h a t  on ly  l i g h t  a b s o r b e d  b y  c o m p l e x e d  h e m a t o -  
p o r p h y r i n  is e f fec t ive  in i n d u c i n g  t h e  p h o t o o x i d a t i o n  of 
Met-12 can  be  easi ly  i n t e r p r e t e d  if t h e  reg ion  i n v o l v i n g  
t h i s  a m i n o  ac id  is a s s u m e d  to  be  one of t h e  two  b i n d i n g  
s i tes  of t he  dye.  I n  th i s  case, t h e  p r o t e i n  c o n f o r m a t i o n  
exer t s  no  sh ie ld ing  to  t he  c o n t a c t  b e t w e e n  t he  Met  side 
c h a i n  a n d  t h e  p h o t o o x i d i z i n g  a g e n t ;  moreover ,  t h e  h i g h  
local  c o n c e n t r a t i o n  of sens i t izer  shou ld  g r ea t l y  e n h a n c e  
t h e  eff ic iency of t he  p h o t o o x i d a t i v e  reac t ion ,  as i t  h a s  
been  a c t u a l l y  obse rved .  The  second  molecu le  of h e m a t o -  
p o r p h y r i n  b o u n d  pe r  molecule  of l y sozyme  a p p e a r s  to  
i n t e r a c t  w i t h  a s i te  (or, poss ibly ,  to  be  d i s t r i b u t e d  a m o n g  
sites) n o t  c o n t a i n i n g  a n y  of t h e  a m i n o  acids  p h o t o -  
ox id izab le  u n d e r  our  condi t ions .  

These  f ind ings  p o i n t  o u t  t h a t  c a u t i o n  m u s t  be  exerc ised 
in d r a w i n g  conclus ions  a b o u t  t h e  degree  of exposu re  of 
a m i n o  ac id  res idues  in  p ro t e in s  f r o m  p h o t o o x i d a t i v e  
i nves t iga t ion ,  before  t h e  de ta i l ed  m e c h a n i s m  of t he  
p h o t o r e a c t i o n  ha s  been  c leared  up.  Our  resu l t s  open  
i n t e r e s t i ng  p rospec t s  in  t h e  f ield of t h e  dye-sens i t i zed  
p h o t o o x i d a t i o n  of p ro te ins ,  s ince b y  a p rocedu re  s imi la r  
to  t h a t  e m p l o y e d  in t he  p r e s e n t  s tudy ,  t h e  p h o t o d y n a m i c  
ac t ion  of dyes  c an  be  r e s t r i c t ed  w i t h i n  se lected a reas  of 
p r o t e i n  molecules  g; t h i s  shou ld  a l low one se lec t ive ly  to  
m o d i f y  a l i m i t e d  n u m b e r  of a m i n o  acid res idues  a n d  to  
o b t a i n  some i n f o r m a t i o n  a b o u t  t h e  n a t u r e  of t he  b i n d i n g  
s i tes  of dyes  10. 

Amino acid analyses of 30 min irradiated lysozyme 

Amino acid 
Irradiation wavelength 

367 nm 435 nm 367 nm 
(water, (water, (30% acetic 
pH 5.9) pH 5.9) acid) 

Tryptophan 6.0 5.9 5.9 
Histidine 0.8 0.9 0.8 
Tyrosine 3.1 2.9 3.0 
Methionine 2.1 1.0 0.0 
Methionine sulfoxide 0.0 0.9 2.0 

Riassunto. L ' e m a t o p o r f i r i n a  f o r m a  con  il l i soz ima u n  
complesso  in  r a p p o r t o  mola re  2 : 1. U n o  dei  s i t i  di  l egame  
6 r a p p r e s e n t a t o  da l l a  regione  del la  molecola  p r o t e i c a  
c o n t e n e n t e  la  me t ion ina -12 .  L ' i r r a d i a m e n t o  con  luce 
a s s o r b i t a  solo d a l l ' e m a t o p o r f i r i n a  c o m p l e s s a t a  consente ,  
qu indi ,  la  fo tooss idaz ione  se l e t t i va  di t a l e  a m m i n o a c i d o .  
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All the amino acids which are present in lysozyme were examined, 
but the table reports only those which are known to be susceptible 
of photooxidation I. No change was found in the content of the 
other amino acid residues. 

1o This work received financial support by the Consiglio Nazionale 
delle Ricerche. The skilful technical assistance of Mr. O. Buso 
is gratefully ackno~;ledged. 

On the  O r i g i n  of D - A m i n o a c i d  R e s i d u e s  in Microb ia l  P e p t i d e s  

P e p t i d e s  i so la ted  f rom m i c r o - o r gan i s m s  f r e q u e n t l y  
c o n t a i n  res idues  of D-aminoacids .  Severa l  s tud ie s  h a v e  
s h o w n  t h a t  these  res idues  a re  de r ived  b iogene t i ca l ly  f rom 
free L-aminoacids ,  t he  free D-enan t iomers  be ing  genera l ly  
poor  p recursors  x. Accord ingly ,  i nve r s ion  m u s t  occur  
a f t e r  t h e  L-aminoac id  has  been  c o n v e r t e d  to  a de r iva t ive .  
Two poss ib i l i t ies  m a y  be  envisaged .  F i rs t ly ,  de r i va t i z a -  
t ion  of t h e  c a r b o x y l  g roup  to  fo rm a n  a c t i v a t e d  com-  
p o u n d  m a y  be  a c c o m p a n i e d  or fol lowed b y  r a c e m i z a t i o n  
or  invers ion ,  t he  r e su l t i ng  a c t i v a t e d  D-aminoac id  t h e n  
be ing  used to  syn thes i ze  t h e  pep t ide .  A l t e r n a t i v e l y ,  t he  

L-aminoacicl  m a y  be  i n c o r p o r a t e d  as a n  L-residue w h i c h  
l a t e r  unde rgoes  invers ion .  W e  here  p r e s e n t  ev idence  for 
o p e r a t i o n  of t he  l a t t e r  m e c h a n i s m  d u r i n g  b io syn the s i s  
of ana logues  of t h e  cyc lo t e t r adeps ipep t ide ,  angol ide ,  b y  
t h e  fungus  Pithomyces sacchari (Speg.) M. B. Ellis,  
I M I  120725. 

The  o r g a n i s m  was g rown  in surface  cu l t u r e  on  a 
g lucose - sa l t s -pep tone -aga r  m e d i u m  c o n t a i n i n g  L-val ine 
(12.5 mg/ml) .  Af t e r  i n c u b a t i o n  for 2 weeks  a t  25°C the  
ango l ide  f r ac t i on  S was isola ted,  a n d  i ts  p rope r t i e s  were 
c o m p a r e d  w i t h  those  of a u t h e n t i c  angol ide  8. The  resu l t s  


